The attaching effacing (AE) 
Enteropathogenic Escherichia coli (EPEC) strains remain an important cause of diarrheal disease in many developing parts of the world and of sporadic cases of infant diarrhea in developed countries. EPEC strains are currently defined as diarrheic E. coli belonging to serogroups epidemiologically incriminated as pathogens but whose pathogenic mechanisms have not been proven to be related to either heatstable or heat-labile enterotoxins or to epithelial cell invasion (4) . Within (5) . There is thus a need for simpler and more accurate diagnostic tests for EPEC.
In the absence of recognized enterotoxins (12) , attempts to develop improved diagnostic tests for EPEC strains have centered on their adherence properties; volunteer challenge studies have shown the importance of adhesion in EPEC pathogenicity (14) . The initial observation of Cravioto et al. (3) , that most EPEC outbreak strains adhere to cultured HEp-2 cells whereas non-EPEC strains rarely adhere, led to the development of HEp-2 cell adhesion as an assay for virulence among diarrheic E. coli strains (17) . Two distinct * Corresponding author.
patterns of adhesion have been described among EPEC isolates (21) : localized adhesion (LA), which is characterized by the formation of bacterial microcolonies, and diffuse adhesion (DA), in which bacteria cover the cell uniformly. A third pattern of adherence, termed aggregative adhesion (AA), has recently been described in connection with other E. coli isolates (20) . In one EPEC strain, a 60-MDa EPEC adherence factor (EAF) plasmid was found to be necessary for full expression of LA (1) . Nataro et al. (19) cloned a 1-kb segment of DNA from this EAF plasmid and showed it to be a highly sensitive and specific DNA probe for detecting the EAF property. However, not all EPEC strains have been reported to adhere to HEp-2 cells or to possess EAF plasmids (13, 19) .
EPEC serogroups 0119 and 0125 were shown by electron microscopy of intestinal biopsies from children with persistent diarrhea to produce a characteristic brush border membrane lesion in the small intestinal mucosa consisting of intimate attachment of bacterial microcolonies, localized destruction of brush border microvilli, and pedestal formation of the apical enterocyte plasma membrane beneath attached bacteria (23, 27 ). An (25) . We developed an in vitro human small intestine model of EPEC adhesion and showed the AE adherence property to be a characteristic of EPEC belonging to all of the major EPEC 0 serogroups (11) . The AE adherence property has also been found to be a characteristic of Vero cytotoxin-producing E. coli (VTEC) (also called enterohemorrhagic E. coli), which colonize and cause an AE lesion in the large bowel mucosa (26) .
Ultrastructural studies showed that an accumulation of cytoplasmic fibrils, subsequently identified as cytoskeletal actin, beneath intimately attached bacteria was an additional feature of the AE lesion (10) . On the basis of our observation that EPEC strains produce an identical AE lesion when they adhere to some tissue culture cells (9), we developed a specific fluorescent-actin staining (FAS) test, which is diagnostic for the AE adherence property and thus for EPEC and VTEC (10) .
The FAS test was initially validated by using a wellcharacterized collection of AE EPEC and VTEC strains (10) . We have now used the FAS test to identify potential EPEC pathogens in infants with diarrheal disease and compared the results with results from serotyping, AE adhesion to human intestinal mucosa, LA to HEp-2 cells, and EAF and VT gene probes. AE adherence property. The FAS test, which is diagnostic for the AE adherence property of E. coli, is based on visualization of the high concentrations of actin present in the AE lesion by using a fluorescent phallotoxin that binds specifically to polymerized actin. Each E. coli isolate was examined in the FAS test by using 3-and 6-h incubations of bacteria with HEp-2 and human embryonic lung cells as previously described (10) . The FAS test preparations were also examined by phase-contrast microscopy, and the pattern of HEp-2 cell adhesion (localized, diffuse, or aggregative [20] ) was recorded. Quantitation of LA was performed in 6-h assays by selecting microscope fields at random, counting 500 cells, and recording the number of cells with adherent microcolonies (more than five bacteria). An adhesion index was defined as the percentage of cells with adherent microcolonies.
MATERIALS AND METHODS
The 41 typed E. coli strains and the FAS-test-positive, untyped E. coli were tested for their ability to adhere to human intestinal mucosa and produce an AE lesion; it was not feasible to test all 297 untyped E. coli strains because availability of human intestinal mucosa was limited. Normal duodenal mucosal biopsies obtained with informed consent from adults were maintained in organ culture and infected with E. coli isolates for 8 h, as previously described (11) . At the end of the incubation period, biopsies were washed, processed, and examined by scanning electron microscopy. Quantitation of mucosal colonization was performed by taking five low-power micrographs (50Ox) selected at random, and the surface area colonized by AE bacteria was determined morphometrically. An adhesion index was defined as the percentage of the mucosal surface colonized by AE bacteria.
EAF and VT probe tests. The EAF probe was that described by Nataro et al. (19) and consisted of a 1-kb BamHI-SalI restriction enzyme fragment isolated from plasmid pMAR22, which was cloned from plasmid pMAR2. The VT1 probe was a HincII fragment of 0.75 kb from a VT1-encoding phage carried by E. coli 026:H11 (serotype H19), and the VT2 probe was a 0.85-kb AvaI-PstI fragment from a VT2-encoding phage carried by E. coli E32511 (serotype 0157:H-) (28) . The probe fragments, both of which are derived from structural genes, were labeled with deoxyadenosine-5-[35S]thiotriphosphate by the random primer method. Strains were tested by colony hybridization as described by Maniatis et (13) . We therefore compared these properties with the FAS test results. The FAS+ strains all exhibited LA, but we detected two quantitatively distinct levels of LA, which we have termed good LA (LA/G) and poor LA (LA/P). LA/G is the LA pattern described by others for many classical EPEC strains in 3-h adhesion assays in which one sees large microcolonies of adherent bacteria, with generally >50% cells having microcolonies ( Fig. 2A) . For illustrative purposes, we used fluorescence micrographs to show LA patterns of adhesion because of their greater clarity. This is justified because each intense spot of actin fluorescence seen in the FAS test is produced by a single AE bacterium (10) . In 3-h assays, LA/P was generally very weak and featured very small microcolonies of AE bacteria on <1% of the cells (Fig.  2B) . Indeed, in many cases, 3-h assays did not fulfill our criteria of LA (i.e., five bacteria per microcolony) and only individual AE bacteria or small aggregates of less than five bacteria were seen (Fig. 2C) . We therefore extended the assay time to 6 h, after which time the LA/P pattern was still poor but somewhat more pronounced. In 6-h assays, localized microcolonies were apparent although <10% of cells generally had adherent microcolonies of AE bacteria and the microcolonies were generally much smaller than was the case for LA/G (Fig. 2D) . The LA/G and LA/P patterns correlated with presence and absence of EAF, since the 6 FAS+ strains which showed the LA/G pattern were all EAF+ and the 10 strains which showed the LA/P pattern were all EAF-. The 18 FAS-strains were all LA-, although 3 strains, all belonging to EPEC serotypes (Olllac:H21, 0126:H-, and 0126:H27), were HEp-2 cell adherent and showed an AA pattern of cell adhesion. None of the 34 strains hybridized with the VT probes.
The typed E. coli group had been preselected on the basis of 0 serogrouping. Since we and others (7) have suggested that there may be EPEC strains which fall outside the currently accepted list of EPEC serotypes, we examined a second group of strains which consisted of 297 untyped E. coli strains from patients with diarrheal symptoms. Of the 297 strains, 7 were FAS+ ( Table 2) . Subsequent routine 0 serogrouping of the 297 strains showed that 10 belonged to EPEC 0 serogroups but that only 2 of the 10 ( (Table 2 ).
All seven FAS+ strains showed AE adhesion to human intestinal mucosa and LA, but, as was the case with the typed E. coli group of strains, these LA strains could also be clearly divided into LA/G and LA/P strains, and again, LA/G strains were EAF+ and LA/P strains were EAF-. Since on initial testing it appeared that LA/G and LA/P strains showed equally good adhesion to human intestinal mucosa, we attempted to quantitate adhesion of the seven FAS+ strains both to HEp-2 cells and to human intestinal mucosa. HEp-2 cell adhesion indices of the four LA/G EAF+ strains ranged from 59 to 96, whereas the adhesion indices for the three LA/P EAF-strains ranged from 4 to 14. Human intestinal mucosa adhesion indices of the seven strains ranged from 5 to 41, although in this case there was no correlation between the adhesion index and EAF positivity; EAF-strains adhered just as efficiently as EAF+ strains ( Table 2) . None of the seven strains hybridized with the VT probes.
Some patient details relating to the seven FAS+ untyped E. coli strains are also included in Table 2 . Males and females were infected, with an age range of 3 to 16 months. Of the seven cases, four had persistent diarrhea (i.e., lasting for more than 14 days), and in only one case (no. 37) was another putative pathogen (Aeromonas caviae) detected. All cases with persistent diarrhea were EAF+; the remainder were EAF-. Although the number of FAS+ E. coli found in this part of the study is small (n = 7), it was similar to the number of cases of Salmonella (n = 6), Campylobacter (n = 8), and G. lamblia (n = 4) infections found over the same time period. Also identified among the 297 strains were 4 strains showing the AA pattern of HEp-2 cell adhesion and 6 showing a DA pattern. DISCUSSION Twenty-three different E. coli strains possessing the AE adherence property were identified in this study by using the FAS test. None hybridized with the VT probes, and all adhered to small intestinal mucosa, which suggests that all 23 strains are potential EPEC pathogens. On the basis of serotype and adherence properties, this study has identified four types of putative AE EPEC pathogens (Table 3) . However, volunteer challenge studies (14) and/or casecontrol epidemiological studies (2, 7, 15) have only confirmed an association with diarrhea in the case of EAF+ EPEC strains which belong to classical serotypes. Of the 23 FAS+ E. coli strains identified, only 5 were EAF+, belonged to classical serotypes, and can therefore be confirmed as EPEC pathogens. Five strains were EAF+ and belonged to nonclassical serotypes, and 13 strains were EAF-. Although EAF-EPEC have been shown to cause mild diarrhea in adult volunteers (14) , case-control epidemiological studies have not confirmed an association with diarrhea of EAF-EPEC (7, 15) . It is probably premature, therefore, to conclude that all the FAS+ strains identified in this study are EPEC pathogens, although we believe that they probably are. FAS+, EAF-E. coli strains could be (i) EAF+ EPEC strains which have lost EAF adhesin or regulatory genes, (ii) virulence determinants. EAF promotes adhesion of EPEC to human intestinal mucosa and, fortuitously, to some tissue culture cells lines. EAF+ EPEC strains which have been cured of the EAF plasmid are still FAS+ (10) but colonize the gut only poorly and adhere poorly both to HEp-2 cells (9) and to human intestinal mucosa (11) compared with the parent strain. This is not the case with the FAS+, EAFstrains identified in this study. Although the EAF-strains showed poor LA to HEp-2 cells, they adhered to human intestinal mucosa as efficiently as the EAF+ strains and (A), 3-h LA/P (B and C), and 6-h LA/P (D) AE much more efficiently than we previously found in the case of an EPEC strain cured of the EAF plasmid (11) . For similar reasons, we find it difficult to believe that the EAF-, FAS+ strains would be nonpathogenic, since they were isolated from patients with diarrhea, they possess the AE adherence property, and they are able to colonize human intestinal mucosa, albeit in vitro, as efficiently as EAF+ EPEC. This leaves us with the most likely conclusion that FAS+, EAF-E. coli are probably EPEC pathogens and that they probably possess adherence factors distinct from, but perhaps similar 
